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Abstract. We presentrecentresultsfrom CDF in thesearchfor new phenomenaappearingin the
top quarksamples.Theseresultsusedatafrom pp̄ collisionsat

�
s � 1� 96 TeV correspondingto

anintegratedluminosityrangingfrom 195pb� 1 to 760pb� 1. No deviationsareobservedfrom the
StandardModel expectations,soupperlimits on thesizeof possiblenew phenomenaareset.
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INTRODUCTION

As the most recently discovered componentof the StandardModel, the top quark
presentsanintriguingopportunityin thesearchfor new physics.Theremarkablemassof
thetopquark(comparableto thatof agoldnucleus)suggeststhatthetopquarkYukawa
coupling shouldbe nearunity, which may imply a specialrole for the top quark in
electroweaksymmetrybreaking.In addition, thereare many modelsfor new physics
which predictnew phenomenain thetop quarksector. Theresultspresentedbelow use
between195pb� 1 and760pb� 1 of pp̄ datawith � s � 1� 96TeVcollectedattheTevatron
Colliderby theCDF experiment.

Therearemany moreresultsavailablethancanbediscussedhere.PleaseseetheCDF
top quark resultswebpagefor additional information: http://www-cdf.fnal.
gov/physics/new/top/top.html

SEARCH FOR TOP DECAYING TO A CHARGED HIGGS

Using195pb� 2 of data,wesearchfor evidenceof thedecayt � H 	 b [1] by comparing
publishedCDFcrosssectionmeasurements,madeundertheassumptionthattopdecays
only to Wb, in four differentdecaychannels:dilepton [2], lepton+ jets with exactly
oneb-tag,lepton+ jetswith two or moreb tags[3], andlepton+ hadronicallydecaying
τ [4]. Eachof theseresultsis individually consistentwith StandardModelexpectations.
However, allowing thetop to decayvia achargedHiggscanmodify theexpectedyields
in thesefinal states,dependingon the branchingfractionsof t � H 	 b and allowed
chargedHiggs decaymodes.We calculatethe top andchargedHiggs branchingratios
for six differentsetsof minimalsupersymmetricmodel(MSSM)parametersandusethis
information,combinedwith theobservedyieldsin thefour differentdecaymodes,to set
limits ontheallowedvaluesof tanβ andMH 
 . In addition,upperlimits onBR � t � H 	 b �
asa functionof MH 
 aresetunderlessmodelspecificscenarios(seeFig. 1).
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FIGURE 1. Thefigureon theleft show theexcludedbranchingratioof t � H � b asa functionof MH �
underthe assumptionthat BR � H � � τν !"� 1, a commonsituationin MSSM modelswith high tanβ .
Thefigureon theright shows thebranchingratio limit where,for eachMH � , theH � branchingratiosare
chosento give theleaststringentlimit.

W HELICITY IN TOP DECAYS

In theStandardModel,thevectorminusaxialvector(V # A) structureof theelectroweak
interactiondeterminesthat approximately70% of W bosonsproducedin top decays
shouldhave longitudinalpolarizationand the other30% shouldhave left-handedpo-
larization,assumingMTop � 175GeV/c2. Right-handedpolarizationis forbidden.This
V # A structurecanbe testedby measuringtheW helicity angle,θ $ , which is the an-
gle betweenthe negative directionof the top quarkandthe lepton from theW decay
measuredin the W rest frame.Alternatively, the invariantmassof the leptonand the
b quarkcanbeused,sinceMlb % 0� 5 � M2

t # M2
W � cosθ $ . We employ both techniquesto

obtainthefollowing results:Thefractionof logitudinalW bosons,F0 is measured,using
a samplecorrespondingto anintegratedluminosityof 320pb� 1, to be0� 85	 0& 15

� 0& 22 ' 0� 06
assumingthefractionof right-handedW bosons,F	 , is zero.Usinga 750pb� 1 sample
andassumingF0 � 0� 7, weestablishanupperlimit of F	)( 0� 09at the95%confidence
level.

TOP LIFETIME

In theStandardModel, the top quarklifetime is on theorderof 10� 24 seconds,which
is too small to be measuredby experiment.However, thereareseveral non-Standard-
Model scenariosthatcould leadto a measurablelifetime in the top quarkdatasample.
For example,if topquarkswereproducedin thedecayof somelong-livedparticle,or if
somelong-livedparticlewith a signaturesimilar to thetop quarkhadcontaminatedthe
sample.With a 318pb� 1 datasample,CDF measurestheimpactparameterdistribution



of leptonsfromthedecayof W bosonsproducedin topdecaysandseesnoevidenceof an
anomalouslylong top lifetime, giventhedetectorresolutionandexpectedbackgrounds.
Weestablishanupperlimit ontoplifetime of cτ ( 52� 5 µm atthe95%confidencelevel.

SEARCH FOR A RESONANCE IN THE tt̄ INVARIANT MASS
SPECTRUM

Somemodelsof physicsbeyond the StandardModel includenew heavy particlesthat
decayto top quarkpairs.For example,topcolor-assistedtechnicolor[5] predictsboth
topgluonsand Z * that decay to tt̄ pairs. We preform a searchfor a generic,spin-
1 resonance(X0) with a narrow width (ΓX0 + MX0 % 1� 2%) decayingto top pairs by
searchingfor deviationsfrom the StandardModel predictionsof the tt̄ invariantmass
spectrum.No significantdeviationsareobservedandweset95%confidencelevel upper
limits on σX0 , BR � X0 � tt̄ � (seeFig. 2). Theobservedlimits rule out a leptophobicZ *
with masslessthan725GeV/c2.

FIGURE 2. 95%CL upperlimits for thecrosssectionfor resonanceproduction.

SEARCH FOR t -
We searchfor evidenceof a heavy, “top-like” object,t * in the CDF top quarksample.
Examplesof models that predict such an object include a fourth chiral generation
consistentwith precisionelectroweakdata[6, 7] andthe“beautiful mirrors” model[8],
that predictsan additionalquarkgenerationthat mixeswith the third generation.For
this search,we assumethat the t * hasa large branchingratio to Wq, aswould be the
caseif Mt . ( Mb.0/ MW , a situationfavoredby the constraintthat an additionalquark
generationbeconsistentwith precisionelectroweakdata.Thissearchis performedusing
two kinematicvariablesto separatethet * signalfrom theStandardModel backgrounds:
HT , the sumof the transversemomentaof all objectsin the event,andMreco, theW q



invariantmassreconstructedusingthesameχ2 fit techniqueemployedby theCDF top
massanalysis[9]. No evidencefor t * is observedandweset95%confidencelevel upper
limits on σt . , BR � t *1� W q � 2 thatexcludet * massesbelow 258GeV/c2 (seeFig. 3).

FIGURE 3. 95%CL upperlimits for thecrosssectionfor t 2 production.

CONCLUSIONS

Using up to 760 pb� 1 of data,we seeno evidencefor new phenomenain the CDF
top quarksample.However, ever largerdatasetsarerapidly becomingavailable.There
are several publicationsapproachingcompletionusing 1 fb � 1 or more of data,and
severalnew analysesarenearingcompletion.With adoublingtime for theCDF sample
of approximatelyoneyear, increasinglyprecisetestsof the StandardModel usingtop
quarksshouldbepossiblesoon.
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